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SUBIECT:  System Hold and Recvele Capabhility DATE:  December 14, 1966
for the First Lunar Landing Mission,
Case 310 FrOM: R, L, Wagner

MEMORANDUM FOR FILE

T, Introduction

At the MSF Program Review of September 20, 1966, an
Apollo action item was assigned to, "... conduct a comprehensive
study of launch recycle capahility..." A task force was formed
with the following individuals acting as central point of
contact for thelr respective organigations:

Organization Principal Alternate
KSC R. E, Moser R. Harrington
MSC C. Perrine
MSH R. L. Wagner R. V. Sperry
MSFC L, Bell R. Beaman

The first presentation of results occurred at the MSF Program
Review of November 22, 1966. This memorandum is a record of
the principal findings, conclusions, and action items.

Prints of the viewgraphs used are attached.

IT. Scope of the Task Force Effort

The Apollo system will have to function with launch
opportunities and launch windows that are rigidly governed by
laws of physics and will have to accommodate changes in the
detalls of the mission plan Tor each successive launch attempt.
It is thus important to identify the response characteristics
of' the Apollo lunar landing system as a whole and to bring the
response time cf the system and the planned pattern of mission
opportunities into talance. *
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This effort is concerned with:

Tdentifying the "recycle" functions and require-
ments of the Apollo system in the perspective of
the total program and emphasizing the critical
items,

Fncouraging maximum specific definition of the
"family" of lunar landing missions.

Propagating the results of 1 and 2 above so that
the various elements of the Apollo program,
including supporting activities, have adeqguately
defined regulrements and can apprecilate their
requirements in the context of the functions of
the entire system.

IIT. Presentation Material

The presentation outline is shown on Viewgraph 1,

The four sectlions are described below and the viewgraphs
asscclated with each section are identified.

1.

Pattern of Apollo Mission Opportunities.

This sectlon included a review of the
constraining elements that determine the pattern
of launch opportunities for the lunar landing
mission (Viewgraph 2) and the rationale behind
the selection of lunar landing sites for that
mission (Viewgraphs 3 through 7). As an
i1llustrative example, the gross characteristics
of the sequence of missions during 1968 were
identified (Viewgraphs 8 - 17) for a typical
set of five luner landing sites selected from
the areas photographed by Orbiters I and IT.

Mission Preparations Prior to Initial Launch
Opportunity.

This section included a description of the
major activities leading to the fivrst of a series
of launch opportunities such as that indicated
schematically in Viewgraph 18. These activities
were divided into areas of, (1) Space Vehicle
Hardware, (2) Space Vehicle Software, (3) Crew
and Onboard Data, and (4) Ground Systems
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(Viewgraph 19), Of particular importance in

the description of the mission preparations
(Viewgraphs 20 - 23) was the identification of
when mission sensitive data are reguired in each
of the four areas.

3. Apollo Systems Capabllity to:
(a) Hola
(b) Recycle
(¢) Reschedule

This sectilon included a description of the
capability to accommodate various kinds of launch
delays. These are defined in the schematlc diagram
of Viewgraph 18, The capability to; a) hold for
a launch occurring within four hoursg of The beginning
of the launch window; b) recycle for a launch
occurring a few days later; or c) reschedule for a
lavnch one or more months later was reviewved
(Viewgraphs 24 through 29). Viewgraph 30 contains
a summary of system requirements and capabilities
and shows the current understanding of the need for
mission data and the ability to hold, recycle, or
reschedule.

L, Summary

The prescentation sumpary identifled Program
Requirements for the First Lunar Landing Mission
(Viewgraph 31) and Continuing Program Effort to
Meet the Needs of the First Lunar Landing Mission
(Viewgraph 32). These are discussed in Sections IV
and V respectively.

IV. Program Requiremeﬁts

To give additional definition to the plans for . the
first lunar landing mission and to act as a unifying focus for
related program activities the following four items have heen
identified. 'These are taken directly from Viewgraph 31 with
brief explanations added.

Plan for Launch Qpportggities'on Only Three Days Per Month

Much of the mission sensitive data such as guldance
‘constants and certain light control data are to he pre-
computed and stored. Fach additionazl launch opportunity
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thus represents an added workload in terms of mission
preparations. Restricting the planning to launch
opportunities on three days per month represents current
Judgment of a reasonable halance between convenience and
cost.

The three launch opportunities lie within an eight-
day perlod which 1s determined by the lighting constraint
at IM landing and lunar landing site longltudes constrained
to lie between *45°, Assuming difficulties which elimiated
tiwe 12 .30 planned day, two specifilc opportunities would
remal. . LI additlional opportunitles were provided within
the elgnt-day period, there would he a more [inely
graduated set from which to choose the next planned launch
day. lowever, the space vehicle currently requilres at
least two days for a full recycle. It thus might be
expected that three or at most four launch attempts could
actually occur regardless of how many opportunities were
available,

Plan for a Minimum of 44 Hours Bebtween Launch Opportunities.

With the 7° to 20° LM lighting constraint and the L45°
bounds on lunar landing site longitude, the maximum spaclngs
between three successlive launch opportunities are limited to
about three days. This assumes a favorable lunar surface
and no other constraining conditions. It is thus marginally
possgible that three launch opportunities per month covld be
supported with a 68-hour recycle capability (The time
between the end of one launch window and the beginning of
the launch window on the third following day is 68 hours
at a minimum). However, a 4d-hour rccycle capability
provides margin to allow for some serles repalr time and
imposes a more reasonable requlrement on the pattern of
lunar landing sites, d.e., there are larger regions within
which to look for accepftable landing sites.

It is not yet certain that a 4Ud-hour recycle can be
a practical reality, however, preliminary work indicates
it is possible. '

Plan for Only Pacific InjectiqggQ

Using free return trajectories and a single, ecuatorial
lunar landing site, the cholce of Aflantic ve, Pacific launch
window has historically been reserved to favor service module
fuel requirements. With current lighting constraints on

the TM landing, the Pacific launch window has a much higher
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incidence of daylight earth launches than does the

Atlantic window. By having a selection between landing
sites near the lunar eguator but slightly dilispersed in
latitude, the Pacifilc window can be used while maintaining
acceptable service module fuel costs. Assuming a favorable
moon such that the necessary landing sites can be found,
there 1s no known disadvantage assocliated with the Pacific
window.

The use of a single type of window for the first
missi. . may have additional fringe advantages such as reducing
the r<.ized mohility of ground support forces.

Plan for Two-Month Lead Time for Lunch Date and Lunar
Landing Site Identiiication.

The need to precompute a separate package of data
for each potential launch opportunity bears with 1t an
impllied cost for long lead times in the data preparation
cycle. This stems from the fact that the launch date is
difficult To predict far in advance and data packages
need to be prepared for all possible opportunities. IT
the lead time exceeds the spacing between successive
missions (e.g., AS-503, AS-504, AS-505), there may be
additional parallel planning required to cover varlous
contingency situations.

Other implications of long lead times are, (1) long
delays if the lunar landing site(s) must be changed
because of late information, and (2) possible problems
in managing and maintaining the quality of the masses of
precomputed data.

The two-month lead time has not yet been demonstrated.
To be sure of achieving it, the mission constraints and the
general region from which lunar landing sites are chosen
should be identified early and remain fixed for all of the
possible opportunities for the first lunar mission.

V. Action Items

Viewgraph 32 shows continuing program efforts prior to
the MSHF Program Review on November 22, 1966. The items below
include these together with several additional actions identi-
fied during the review The actlion items have been arranged in
categories.
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Mission Definiton:

(a)

(b)

Hardware

Review the earth launch window constraints
with emphasis on determining the limits on
the length of the window.

Review the LM lighting constraint including
the completeness and adequacy for safe
landing and the impact on the pattern of
launch opportunities of potential changes.

Determine which earth parking orbit should

be used for the initial translunar injection
opportunity.,

Estimate the impact on the mission of a
68-hour minimum recycle time (measured from
the end of a 4-hour launch window to the
beginning of the launch window on the third
following day).

Recyle and Reschedule

(a)

(b)

(c)

(d)

Sof'tware

- Tdentify hardware constraints related to
achieving a Li-hour recycle time (without
series repair) for scrubs Just prior to
ignition and determine steps necessary to
assure a Wl-hour recycle capability.

Determine feasibility and cost of requallfying
S/C fuel cells and hypergolic components to
achieve third month capabhility.

Identify the capabilities and problems associated
with checkout and testing after the systems have
been wetted,

Determine capability and/or desirability of
extending the hold time of the vehicle to
embrace two successive launch windows,

(a)

Preparations and Recycle

Determine the schedule of events for a two-month
response capability measured from the time the
lunar landing siftes are identifled to the day

of launch.
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(b) Provide a "typical" mission data package
for uvuse prior to T-one month,

(¢c) Determine the computer work load assoclated
with mission preparation work,

(a) Define on-board data that are mission sensitive
or related to the particular lunar landing site
used.

(e) Refine the reguirements and sequence of events
for map preparation and landmark identification.
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Viewgraphs 1 - 32

Copy to
Messrs. Aller - NASA/MAO
Blitch - NASA/MAO
Christensen - NASA/MO
Day - NASA/MAT
Holcomb - NASA/MAO
Middleton - NASA/MO-3
Phillips - NASA/IIA
Lffel ~ NASA/MA
Seccomb - NASA/MAP
Turnock - NASA/IMA
White - NASA/MAR
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Griffin - KSC/HC
Harrington - KSC/HC
Moser - KSC/HC (10)
Shinkle - KSC/DA
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(Continued on next page)
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. Bailey, Jr. - MSC/AR
Bilodeau - MSC/Cr?
Cheatham - MSC/EG
Clements - MSC/FS
Loftus - MSC/PU5
Hammack - MSC/FL
Hodge - MSC/RC
Jenkins - MSC/FM
Kraft - MSC/FA
Lanzkron - MSC/PF
Loftus - MSC/PNB
Mayer - MSC/TI
Maynard - MSC/PM
North - MSC/CF
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H. Perrine - MSC/PM2 (10)

G. Rose - MSC/FAS3

F. Shea - MSC/PA

K. Slayton - MSC/CA

W, Williams - MSC/PD

H., Woodling ~ MSC/CF3

E. Beaman - MSFC/I-V-E

B. Bell - MSFC/I-V-E (10)

T. Boone, Jr. - MSFC/R-P&VE-XK
W. Cremin - MSFC/R-AERO-DAP

T. Deaton, Jr. - MSFC/R-AERO-DAP
D. Geissler - MSFC/R-ARRO-DIR

.- Haeussermann - MSIFC/R-ASTR

R. Tucas - MSFC/R-P&VE-DIR

L, Mack - MSPC/R-ASIR-S

L. McNair - MSPFC/R-AFRO-P

V. Richards - MSFC/R-ASTR-NDI
L. Rudolph - MSFC/I-V-MGR
Sinko - MSTC/R-P&VE-VOR

W, Speer - MSFC/R-ASTR-ZF

R. Anselmo V., S, Mummert
0. Cappellari I. D, Nehama

H., Eley I. M, Ross

J. Esposito R. V. Sperry

R. Hagner T. H., Thompson
C. Hittinger

T. Howard ' Central Files
Kaskey Department 1023

Z. Menard Library
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